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MODULE 1: STATUTORY AND REGULATORY GUIDANCE MANDATES

Step 1 Start.

Step 2a Early in the review process, DOE should identify all federal and state statutes, and
their implementing regulations, that are applicable to the project (EPA 1989c).  The
NCP defines these requirements as applicable or relevant and appropriate
requirements (ARARs). ARARs can be specific with respect to a chemical, its
location, or action. Table 1.1 (next page) provides a listing of ARAR examples. The
DOE ERPM is responsible for determining which of the ARARs would be applicable
to the CERCLA project. At DOE CERCLA sites, executive orders (Nos. 11990,
11988) pertaining to wetlands and floodplains may also be considered location-
specific ARARs.

Various federal statutes pertain to
ecological resources at the CERCLA
site. The Endangered Species Act,
Bald and Golden Eagle Protection Act
and Migratory Bird Treaty Act require
federal agencies to examine proposed
actions relative to species impacts
pertaining to habitat losses or direct
losses of individual organisms. The
Fish and Wildlife Service (FWS 1979)
provides a selected list of federal laws
and treaties that pertain to ecological
resources. The DOE ERPM also may
need to examine potential impacts of
site remediation to air quality and
water quality requirements established
under the Clean Water Act and Clean
Air Act. Any dredging or fill actions in
navigable waters of the United States
require an evaluation by the U.S. Army

The EPA (1991a)  has identified the
following general types of ARARs:
(1) chemical-specific: health or
risk management-based methodolo-
gies that, when applied to site-
specific conditions, result in the
establishment of numerical values
(e.g. chemical-specific concentrations
in a given medium); (2) Cocation-
specific: restrictions placed upon
the concentration of hazardous sub-
stances or the conduct of activities
solely because they are in special
locations such as wetlands; and
(3) action-linked: technology or
activity-based requirements or limi-
tations on actions taken with respect
to hazardous wastes.

Corps of Engineers to review the action and, if necessary, grant a permit under
Section 404 of the Clean Water Act. The permit requirement is waived for dredge
and fill actions that take place on the DOE CERCLA site proper.

Step 2b DOE guidance exists for ecological evaluations at CERCLA sites where DOE has
responsibility as the natural resource trustee (DOE 1991). This document provides
guidance DOE should follow in assessing injury to natural resources from exposure
to “hazardous substances” and in determining monetary compensation from injury
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TABLE 1.1 Examples of Applicable or Relevant and Appropriate
Requirements (ARARs)

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Chemical-Specific ARARs

Safe Drinking Water Act and regulations (federal and/or state)
Resource Conservation and Recovery Act (RCRA) Groundwater Protection Standards
(federal and state-equivalent)
Nuclear Regulatory Commission Standards for Protection Against Radiation
State radiation protection standards
State radiation emission standards
Clean Water Act and regulations (federal)
State Water Quality Standards
Toxic Substances Control Act and regulations
National Emission Standards for Radionuclide Emissions from DOE facilities
EPA Radiation Protection Standards for managing and disposing of spent nuclear fuel,
high-level, and transuranic radioactive wastes
Clean Air Act
National Primary and Secondary Ambient Air Quality Standards. . . . . . . . . .

Location-Specific ARARs

Endangered Species Act
Bald and Golden Eagle Protection Act
Migratory Bird Treaty Act
RCRA treatment, storage, and disposal (TSD) siting requirements
Executive Order 11990 “Protection of Wetlands”a
Executive Order 11988 “Floodplain ManagemenVa
Clean Water Act, Section 404, wetlands protection
Protection of areas that are part of the National Wildlife Refuge System
Fish and Wildlife Coordination Act
Wild and Scenic Rivers Act
National Historic Preservation Act

Action-Specific ARARs

l RCRA TSD facility requirements
l RCRA land disposal restrictions
l U.S. Army Corps of Engineers dredging and tilling permits
l National Pollutant Discharge Elimination System
l Clean Air Act: National Emission Standards for Hazardous Air Pollutants

a Executive Orders 11990 and 11988 are codified for DOE at 10 CFR 1022 (Appendix Cl
10 CFR 1022 is a location-specific ARAR for DOE.
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done to natural resources. Ecologists should refer to the DOE CERCLA Reference
Book (Oak Ridge National Laboratory [ORNL]  1993) for further information on
regulatory requirements of the RI/FS process. This reference book, updated
regularly by the DOE Office of Environmental Guidance, contains a current copy
of CERCLA and implementing regulations for CERCLA evaluations, including
information on preliminary site evaluations, such as ecological toxicity tests and
bioaccumulation determinations.

Step 2c EPA guidance has been published on ecological assessments and procedures
pertinent to CERCLA sites (EPA 1989b, 1989c,  1992a).

Step 3 DOE has identified and documented a preliminary list of ARARs for the project.
DOE, as a lead agency, and oversight agencies shall notify each other of ARARs in
writing no later than the early stages of the comparative anaiysis of remedial action
alternatives [NCP Part 300.430(e)9].  As lead response agency, DOE also must
notify oversight agencies of other legal responsibilities. Ecologists should use the
statutes identified in Step 2a above as background information in scoping the
initial draft of an ecological work plan.

References

DOE, 1991. Natural Resource Trusteeship and Ecological Evaluation for Environmental
Restoration at Department of Energy Facilities, report DOE/EH-0192,  U.S. Department of
Energy, Washington, D.C.

EPA, 1989b.  Ecological Assessment of Hazardous Waste Sites: A Field and Laboratory
Reference, report PB89-205967,  U.S. Environmental Protection Agency, Washington, D.C.

EPA, 1989c. Risk Assessment Guidance for Superfund - Vol. II, Environmental Evaluation
ManuaZ,  report EPA/540/89/001, U.S. Environmental Protection Agency, Washington, D.C.

EPA, 1991a.  Risk Assessment Guidance for Superfund: Volume l-Human Health Evaluation
Manual (Part B, Development of Risk-based Preliminary Remediation Goals), Office of
Emergency and Remedial Response, Publication 9285.7.01B,  U.S. Environmental Protection
Agency, Washington, D.C.

EPA, 1992a. Framework for Ecological Risk Assessment, report EPA/630/R-92J001,
U.S. Environmental Protection Agency, Washington, D.C.

FWS, 1979. Selected List of Federal Laws and Treaties Relating to Sport Fish and Wildlife,
U. S. Department of Interior, Fish and Wildlife Service, Washington, D.C.

ORNL, 1993. Environmental Guidance Program Reference Book, Comprehensive
Environmental Response, Compensation, and Liability Act, report ORNIJM-2261, Oak Ridge
National Laboratory, Oak Ridge, Tenn.
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MODULE 2:

ROLE OF EPA AND OTHER REGULATORS

Role of EPA and
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MODULE 2: ROLE OF EPA AND OTHER REGULATORS

Step 1 Start.

Step 2 Roles and responsibilities of various federal, state, and local agencies should be
identified at the project outset. The EPA and state agencies charged with the
responsibility as the point of contact for federal agencies initiating a remediation
project can provide valuable assistance. Project ecologists should identify points of
contact for each federal and state agency and Indian Tribe having regulatory
responsibility for natural resources. The EPA regional office for the CERCLA site
being evaluated can provide information on federal and state agencies having
regulatory or statutory responsibility for biological resources. Appendix E lists the
EPA BTAG coordinators who serve  as contacts for obtaining this informzcion.

Step 3 The U.S. Fish and Wildlife Service (FWS),  Army Corps of Engineers (COE), and
appropriate state agencies (e.g., state wildlife agencies and departments of natural
resources) and Indian Tribes should be contacted regarding their legal
responsibilities and desired role in the CERCLA remediation process. Initial
contacts often will provide an overview of a state agency’s roles in past CZCLA
actions and their likely involvement in the current project.

Step 4 In cases where an NRD-4  is warranted,
administrative responsibilities of DOE
and other agencies are defined in
43 CFR 11.32. These procedures define
how a damage assessment plan should
be developed. For responsibilities of
other agencies on hazardous substance
remediation projects, the user should
refer to the NCP procedures, par-
ticularly 40 CFR Part 300.430,
Remedial Investigation/Feasibility
Study and Selection of 3emedy (ORNL
1993). The DOE (1991) issued
guidance on its responsibilities as a
natural resource trustee.

State involvement in the RVFS process
and guidance on agreements between
the EPA and states is .provided in Part
300.515(d).  When DOE is the lead
agency, input to the EPA will be
needed on any agreements reached
with government agencies (e.g., state
department of natural resources, fish

A Federal Facility Agrwment
typically includes (1) a prc I xal
framework and schedule for cievelop-
ing, implementing, and monitoring
appropriate response actions; (2) pro-
cedures for resolving disputes,
assigning penalties for nonr onfor-
mance,  and ensuring public p’.:-tici-
pation in the RI/KS process; (3) iden-
tification ofwhat  primary documents
(i.e., RI&S work plan, sampling and
analysis plan, baseline risk assess-
ment, remedial investigation. feasi-
bility study, proposed rem ::;:ion
plan, and record of decision) DOE
must prepare and submit to the EPA
and state agencies; (4) secondary
documents such as treatability study
reports and reports on preliminary
analysis of alternatives; and
(5) progress reports submitted at a
specified frequency.
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and game department) or Indian Tribes involved with remediation planning and
response.

A federal facility agreement (FFA) is drawn up to define involvement of the EPA,
DOE, and appropriate state agencies in the RIB’S process.

References

DOE, 1991. Natural Resource Trusteeship and Ecological Evaluation for Environmental
Restoration at Department of Energy Facilities, report DOE/EH-0192,  U.S. Department of
Energy, Washington, D.C.

ORNL, 1993. Environmental Guidance Program Reference Book, Comprehensive
Environmental Response, Compensation, and Liability Act, report ORNLJM-2261, Oak Ridge
National Laboratory, Oak Ridge, Tenn.
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MODULE 3:

PRELIMINARY HAZARDOUS SUBSTANCE CHARACTERIZATION

Regulatory Mandates

Role of EPA and
Other  Regulators
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MODULE 3: PRELIMINARY HAZARDOUS SUBSTANCE CHARACTERIZATION

Step 1 Start.

Step 2, 2a The DOE, as the lead agency,
must characterize the nature of
and threat posed by the haz-
ardous substances, pollutants,
and contaminants.2  The DOE
ERPM must develop an overall
RI/FS w o r k  p l a n  a f t e r
completing remedial site
evaluations (see NCP, 40 CFR
300.420). As part of the overall
RI/FS p r o c e s s ,  e x i s t i n g
information on contaminant
type, state, and concentration
must be obtained as a starting
point in determining the
potential threat to human
health and the environment.
For example, contaminants
occurring at concentrations
above regional background
levels may be contaminants of
concern; whereas those at or
below regional concentrations
would in all likelihood not
receive further consideration as

Identifying Contaminants of
Concern

The following factors should be con-
ntamixlantssidered when identifying COI

of concern: (1) environmental me&u
concentration representing ecoI0gica.l
exposure pathways, (2) fkquency of
occurrence (defining prevalence in
site media); (3) background  levels
(indicating concentrations not attribut-
able to the site); (4) biouvailubility
(presence of contaminant in a form
that can affect biota);  (fi)phy~s’co-
chemical properties (e.g. volatility
a n d  solubility);  (6)potentiaZ fir
biaconcentration and bioaccumuia-
tion (tendency to occur in biota at
higher concentrations than surround-
ing environment); (7) potency (ai., ‘1 :t
of toxicant  capable of producing ad-
verse effects); and (8) efficts (e.g.,
acute and chronic resnonses)  (EPA
1991b).

contaminants of concern (see Appendix A, Section A.3 and Table Al).
This information may be available from past studies conducted at the
CERCLA site or from records of past activities generating hazardous
substances or resulting in hazardous substance releases. When chemicals are
being identified or eliminated as contaminants of concern on the F‘qsis  of
frequency of occurrence, the following points should be considered: (lj if only
a few samples are taken, each sample constitutes a significant percentage of
the data set (a chemical detected in only one sample should not necessarily be
eliminated from further consideration); (2) to be conservative, a known
toxicant detected infrequently in an area of high ecological concern should be
retained for further consideration; (3) if an infrequently detected contaminant

These materials are those contaminants of concern occurring in a form and concentration expected
to adversely affect human health and the environment. The list of substances is developed on the
basis of the eight factors shown in the text box above.
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Step 3,3a

Step 4,4a

step 6

is toxic at concentrations below its detection limit, it should be considered
further in the evaluation process because it may be present in toxic amounts
in other samples; and (4) infrequent detection could result from intermittent
releases or changes in contaminant mobility. Sample collection and analysis
will likely be necessary to fully characterize the hazardous substance. The
DOE ERPM should follow EPA guidance in preparing the RI/FS Work Plan
(EPA 1988a).

Site reconnaissance-level surveys may reveal information on the volume of
hazardous substances in question. DOE and operating contractor files may
contain records on the volumes of hazardous substances disposed of on-site.

Literature reviews (e.g., Peterle 1991; Newman and McIntosh 1991) may
reveal information on toxicity, persistence in the environment, and propensity
to bioaccumulate. Contacts with researchers and agency specialists are
obvious means of obtaining current information on the hazardous substances
being evaluated (see Appendix A, Section A.3.4)

If information exists on all aspects of the hazardous substance, the RI/FS
process may proceed to initiation of an ecological risk assessment and to the
development of remedial action alternatives [NCP, Part 300.430, 2(d)]. For
most sites, the hazardous substance cannot be completely characterized on the
basis of preliminary information, thus necessitating the implementation of
scoping and site characterization (Chapter 2).

References

EPA, 1988a. Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA, Interim Final, report EPA/540/G-89/004,  OSWFR  Directive 9335.3-01,
U.S. Environmental Protection Agency, Washington, D.C.

EPA, 1991b. EC0 Update, Ecological Assessment. of Superfund Sites: An Overview,
U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
htermittent Bulletin 1(2):1-8,  Washington, D.C.

Newman, M.C., and A.W. McIntosh teds.),  1991. Metal Ecotoxicology, Concepts and Appli-
cations. Lewis Publishers, Inc., Chelsea, Mich.

Peterle, T.J., 1991. Wildlife Z’oxicology. Van Nostrand Reinhold, New York.
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CHAPTER 2: SCOPING

Scoping activities involve col-
lection and analysis of existing site
information and development of a site
ecological model that is consistent with
and refines the conceptual site model.
The conceptual site model should
include known and suspected sources of
contamination, contaminant types and
media affected by each, known and
potential routes of migration, and

The scoping process should help (1) identify
the kinds of remedial decisions that site
managers need to make, (2) determine the
types of ecological investigations needad  to
support decision-making, and (3) design field
and\or laboratory studies for collecting those
data (EPA 1991b).

known or potential human and environmental receptors (EPA 1988a).

Existing ecological information may be insufficient to allow establishment of project
goals or to identify important species or groups likely to be affected by hazardous substances.
Limited field investigations should be undertaken in this case. EPA (1988a)  guidance on
scoping indicates that existing ecological information should be examined for the foiiowing
topics:

l Location of any thrc3tened,  endangered, or rare species, sensitive
environmental areas, Jr critical habitats on or near the site;

l Common flora and fauna of the site and surrounding areas; this
information will provide an understanding of the most common species
likely to be exposed to hazardous substances and the potential effects of
other species through biomagnification;  and

l Available results from any previous biological testing, such as data on
acute or chronic toxicity or bioaccumulation. Literature searches to
identify pertinent studies on the hazardous substances known to occur
at the site will be useful for determining whether future field or
laboratory tests might be required.

In addition, the project ecologist and ERPM can use any available past ecosystem modelling
results or a geographic information system to display existing data and scope the extent of
future studies to be described in the ecological work plan. The EPA framework steps (EPA
19923)  for ecological risk assessment will help to focus on the type of ecological data needed
for determining risk of implementing various remedial action alternatives.

Ecological input may also be obtained during the community relations/public
participation activities carried out as part of scoping. Activities the DOE must undertake in
carrying out its community relations requirements at the CERCLA site are defined in the
NCP [40 CFR Part 300.430(c)].
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The evaluation of existing site information in Module 4 is intended to identify
deficiencies in data needed to fully characterize the site physical features (see Module 7) and
to assist ecologists and the ERPM in developing a site conceptual model. The ERPM is
expected to rely mostly on existing site information during the scoping phase. Limited
ecological field investigations would be conducted only if needed to develop the site conceptual
model.

References

EPA, 1988a.  Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA, Interim Final, report EPA/540/G-89/004, OSWER Directive 9335.3-01,
U.S. Environmental Protection Agency, Washington, D.C.

EPA, 1991b.  EC0 Update, Ecological Assessment of Superfund Sites: An Overview,
U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Intermittent Bulletin 1(2):1-8,  Washington, D.C.

EPA, 1992a. Framework for Ecological Risk Assessment, report EPA/630/R-92/001,
U.S. Environmental Protection Agency, Washington, D.C.
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MODULE 4:

EXISTING SITE INFORMATION

n
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MODULE 4: EXISTING SITE INFORMATION

Step 1 Start.

Step 2 Program goals and objectives should be
considered at the outset of scoping.
Information on the site should be
assembled for review by technical
managers and the ERPM. Information
should include results from any past
removal actions or remedial activities, site
preliminary assessment, site inspections,
the National Priorities List (NPL) listing
process, and results of previous
characterization o r  scie:iCficI L research
conducted on the site (ORNL  1933) (see
Appendix A, Section A.l.1)

Step 2a The DOE ERPM will collect and evaluate
existing ecological data and information on
site physical features that is adequate to
provide background information for

Existing Information

Available site information can be
used to develop an initial aware-
ness of site conditions and
problems and to determine addi-
tional information that may be
required to make technically
defensible decisions about reme-
dial action alternatives. Maxi-
mizing the use of available site
information will help to avoid
duplication of previous data col-
lection efforts and help to fcrus
data collection efforts required
for the ecological assessment.

interacting with advisory groups or state and federal agencies. We deqrrintive
information should be compiled on location, ownership, topography, geoi ;:d
use, waste types, and estimates of waste volumes. Existing site data can be
obtained from a variety of reports (e.g., state publications or federal government
reports of studies on ecological resources at the site or similar ecosystems in the
site vicinity), other operable units, databases, and similar sources (see
Appendix A, Section A.1.3). Limited field sampling may also be nece,,:  ?‘-J*.

Step 3 Meetings with advisory agencies or groups (e.g., BTAG) will facilitate identification
of procedures and ?n_nroprinle sequence of actions DOE should follow to address
site problems, par:.iX~~iy  Tar filling data gaps. Such procedures are needed to
assure that DOE meets overall data quality objectives in the RI/I% process (see
Appendix A, Section A.3).

RI/F’S alternatives development cannot be initiated by DOE until site information
has been reviewed and input from advisory groups and agencies has been
evaluated.

Step 4 Site conceptual models can be developed once DOE and advisory groups and
agencies evaluate existing information (see Module 6 for detailed guidance on the
preparation of site ecological conceptual models). The use of existing information
is essential for developing the preliminary ecological conceptual model. The model
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will be refined in an iterative manner as detailed information is obtained on site
physical features and potential contaminant pathways (see Modules 7 and 8).

Step 5 The DOE ERPM should assemble scientific and engineering data in one location
(e.g., project library) to assist managers faced with basic questions on remedial
action alternatives design. These data will help to define additional laboratory and.
field data collection to be described in the ecological work plan.

References

ORNL, 1993. Environmental Guidance Program Reference Book, Comprehensive
Environmental Response, Compensation, and Liability Act, report ORNUM-2261, Oak Ridge
National Laboratory, Oak Ridge, Tenri.
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MODULE 5:

ECOLOGICAL INPUT FOR RI/F!3 SCOPING

Module 4
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MODULE 5: ECOLOGICAL INPUT FOR RI/FS SCOPING

Step 1 Start.

Step 2, 2a Part 300.430(b) of the NCP provides guidance on RUFS scoping. A detailed
diagram of the scoping process is presented in Figure 2-1 of earlier EPA (1988a)
guidance. Project ecologists should contact appropriate professionals of federal
and state agencies with special knowledge of or legal responsibility for ecological
resources. Regional offices of the EPA, the FWS, and state agencies also can
provide information on groups or individuals with special interest or technical
expertise with respect to biological resources in the area.

Step 3, 3a A determination by professional
ecologists on the adequacy of
existing ecological information
should be made early in the
RUFS scoping process. Appro-
priate field data collection may
be warranted to adequately char-
acterize the site. The intended
use of ecological data will dictate
the number of data samples
collected, sample location, and
species sampled. In many cases
professional judgment will be

Preliminary studies to identifjl and
specify ecological assessment
objectives include site visits, examina-
tion of aerial or satellite photographs,
evaluation of information from local
experts, and limited ecological data col-
lection. Preliminary studies may reveal
potential exposure pathways, receptors,
and previously unobserved toxic effects
or site habitats (EPA 1989c,  1992a).

necessary to determine ecological data needs when no previous site-specific data
are available.

Once preliminary ecological data have been collected, the ecologists responsible
for developing the ecological work plan may want to discuss findings with EPA
biologists and members of the BTAG to obtain input beneficial to the ecological
risk assessment process. The BTAG may help determine target species to be
evaluated and data needs for the risk assessment (see Appendix A,
Section A.3).

Step 4 Planning for detailed ecological data requirements to be defined in the site
ecological work plan should be initiated at this stage. The DOE ERPM and
project ecologists should contact state and federal agencies having responsibility
for implementing project ARARs, to identify additional ecological data needed to
characterize the existing site.
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Step 5 Determine from interviews what ecological resources that public groups and
individual members of the general public feel are important and should be
identified in the community relations plan (EPA 1988a). Recreational species
(e.g., important game fish and wildlife species commonly hunted) will often be
of interest to the public and special interest groups.

References

EPA, 1988a. Guidance for Conducting Renedial  Investigations and Feasibility Studies under
CERCLA, Interim Final, report EPA/540/G-89/004, OSWER Directive 9335.3-01,
U.S. Environmental Protection Agency, Washington, D.C.

EPA, 1989c. Risk Assessment Guiohnce  for Super-find  - Vol. II, Environmental Evaluation
Manual, report EPA/540/89/001, U.S. Environmental Protection Agency, Washington, D.C.

EPA, 1992a. Framework for Ecological Risk Assessment, report EPA/630&92/001,
U.S. Environmental Protection Agency, Washington, D.C.
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MODULE 6:

DEVELOP SITE ECOLOGICAL CONCEPTUAL MODEL

Conceptual Model
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MODULE 6: DEVELOP SITE ECOLOGICAL CONCEPTUAL MODEL

Step 1 Start.

Step 2, 2a A conceptual site model should be developed by project engineering and
environmental staff on the basis of information obtained pursuant to NCP
Part 300.430 b(l). The DOE CERCLA environmental reference book includes
the NCP regulations that pertain to site characterization and data needs for
developing a site conceptual model (ORNL 1993). Preliminary information on
hazardous substances present at the site must be known. Additionally, the
locations and concentrations of hazardous substances at the site must be
generally understood to proceed with the development of a site conceptual
model. If this information is not known, Steps 2a and 3a of Module 3 will need
to be undertaken.

Step 3, 3a Ecological data should be
adequate to define target
organisms and exposure path-
ways through the various
trophic levels. An exposure
pathway is the link between a
contaminant source and a
receptor (EPA 1991b)  If this
information is not known,
Steps 3 through 5 of Module 8
will need to be undertaken.

Receptor  spec i es  o r  targe t
organisms include: (1) species con-
sidered  essential to, or indicative of,
healthy functioning of habitats (e.g.,
stream invertebrates); (2) rare, endan-
gered, or threatened species on or near
the site; and (3) species protected under
federal or state law (e.g., Migratory
Bird Treaty Act, Marine Mammal Pro-
tection Act) (EPA 1991b).  Receptor
species may also be chosen to represent

In cases where site-specific
a particular guild (i.e., group of organ-
isms with similar habitat and/or feeding

ecological data are unavailable requirements). For example, a common
for the contaminants and shrew species could be selected as a
habitat/community types in representative of small, insectivorous
question, comparable sites with mammals.
the same or similar con-
taminants can be used in
developing the model. The appropriateness of using ecological data from
supposedly comparable sites can be a major point of disagreement among
ecologists and engineers or project administrators and among DOE, the EPA,
and state reviewers faced with making project decisions in a timely, efficient
manner.

Step 4, 4a Determinations of the potential for bioconcentration and biomagnification
within the ecological resources of the site can be made on the basis of literature
and site-specific laboratory and field testing of the target organisms in question
(see Appendix A, Sections k3.4 and A.4.1.4). In some cases, little (if any)
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steps

data may exist on contaminant effects to the target species, necessitating the
use of data on similar or related species. Refer also to Step 4a of Module 3.

The purpose of the conceptual
site model is to focus the RI/F’S
process and to provide a basis
for the initial risk assessment
(i.e., baseline risk assessment).
A conceptual ecological model
should be developed on the basis
of assumptions of current source
of media contamination (e.g.,
soils and sediments), release
mechanisms (e.g., groundwater,
surface runofIJ environmental
transport medium (e.g., direct
contact, air, groundwater, surface water), and potential exposure routes (i.e.,
ingestion, inhalation, and/or  dermal contact) to biotic receptors. Figure 6.1
depicts a simplified conceptual site ecological model diagram that would be
applicable to a contaminated waste site. The conceptual model could become
more complex depending on types and extent of habitats that are contaminated
and as the “food web” increases in complexity bee Appendix A,
Section A.3.2). The generic shown in Figure 6.1 is suitable as a template at
most contamination sites but must be modified to include site-specific conditions
as necessary.

Once the ecological conceptual model is developed, work can commence on
developing an ecological work plan (see Modules 9 and lo), the specific sampling
program (see Modules 12 and 13), and ecological data needs for the baseline
risk assessment (see Module 15).
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CHAPTER 3: INITIAL EVALUATION

The ecological work plan should include a section describing important site physical
features, which aids in understanding the potential for transport of contaminants both on-
and off-site. Groundwater and surface water pathways are important considerations in
planning tasks to determine the ecological effects of contaminants. The movement of a
contaminant from a location in or adjacent to a surface water body is important information
in planning sampling of such groups as benthic invertebrates or of fish habitats. Locations
of contaminants with respect to topographic features such as slopes, ridges, or depressions
are important at sites having surface contamination. Topographic features provide insight
on the potential extent of contamination by hazardous substances from a point source.

The ecological work plan should only contain information on physical features
relevant to ecological data collection and analytical tasks described later in the work plan.
More detailed information on the physical features of the site would be included in the overall
RI/FS  work plan.

Understanding potential contaminant pathways to ecological receptors requires a
thorough understanding of air, water (surface and groundwater), sediments, and soil
transport mechanisms. Information obtained in scoping (see Module 5) should assist the
DOE ERPM in determining the need for additional ecological field studies to better define
potential pathways. For example, members of the public may know of existing areas of
contamination or areas believed to be contaminated relative to recreationally important
species or sensitive plant communities. This input could serve as guidance for initiai  uii-s;i;e
sampling locations.

As part of the initial evaluation project ecologists should become familiar with recent
literature on ecological risk assessment (Bar-tell et al. 1992; Maughan 1993; Suter 1993). Two
themes are found in these documents relative to conducting acceptable ecolog%Ji risk
assessments. First, the ecological team must properly define the ecological endpoints,
realizing the normal variation in the ecosystem, based on a thorough site characterization
early in the risk assessment process. The second theme centers on the need for model use
in estimating exposure assessment and contaminant transfer within the ecosystem. This
concept often requires a phased approach to field sampling and toxicity testing.

In addition to the above considerations, project ecologists must develop a good
understanding of existing ecosystems to address such issues as natural variability at the
CERCLA site and/or reference site and appropriate statistical tests for the species being
analyzed. For example, plant communities consisting of a few species, such as a short grass
prairie or agricultural system, may vary little when sampling for primary producti;in or
species diversity; whereas sampling of deciduous forest plant communities undergoing
secondary succession may result in highly variable data, depending on location and time of
sampling. Understanding normal seasonal variation and within-season variation is
important in structuring sampling design.
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MODULE 7:

SITE PHYSICAL FEATURES

Potential Contaminant
Pathwavs  in Ecosvstem I
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MODULE 7: SITE PHYSICAL FEATURES

Step 1 Start.

Step 2a, 2b Developing an accurate description of site physical features (i.e., topography,
geographic setting, locations of streams and surface waters, depth to
groundwater, and spatial distribution of ecological communities), and facilities/
infrastructure is paramount to setting the baseline for conducting a risk
assessment. Guidance on conducting remedial investigations at CERCLA
sites (EPA 1988a) should be reviewed by all technical specialists involved in
site characterization planning. This review would inform the project ecologist
of the overall RUFS process and provide an overview of where in the process
ecological input is needed. Activities in Steps 2a, 2b, and 2c should be
conducted in parallel. Both on- and off-site physical features currently or
potentially affected by the unremediated CERCLA site, or that may be affected
by remediation, require accurate definition (see Appendix A, Sections k1.2
and A.1.3).

Step 2c Existing site facilities (including waste impoundments, landfills, and historic
facility locations) and their contribution to site contamination require careful
delineation during site characterization (see Appendix A, Section A.l.1).
Full descriptions of existing utility and transportation systems must be
developed and provided to the decision maker responsible for logistical aspects
of remedial alternatives development.

Waste impoundments and landfills from past research or production activities
and abandoned facilities often contribute to soil, surface water, and
groundwater contamination. Habitats and biota in and around these areas
should be carefully analyzed to determine (1) current contamination levels in
the abiotic  and biotic components of the site ecosystems, and (2) the potential
for biomagnification within the food chain if the site were to continue in an
unremediated condition. Careful attention should be given to defining
contaminant types and their distribution. Improper definition of contaminants
can result in costly, inappropriate analyses of biotic samples.

The locations, types, and conditions of existing roads are important considera-
tions in planning the logistics of transporting contaminants from the site. This
information will be useful in determining the extent to which roads and
bridges will need to be upgraded in order to carry out the remedial actions.
The need for road upgrades or siting of new off-site roads to conduct
remediation should also be determined.
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MODULE 8:

POTENTIAL CONTAMINANT PATHWAYS IN ECOSYSTEM
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MODULE 8: POTENTIAL CONTAMINANT PATHWAYS IN ECOSYSTEM

Step 1 Start.

Step 2 Definition of the transport media
may require determination of con-
taminant movement by air, sur-
face water, and groundwater,
especially when hazardous sub-
stances are deposited or released
on the soil surface. The con-
taminant transport between media
and biota and among trophic  levels
identified in the ecological ‘Jon-
ceptual model (see Module 6)
should be determined to more
accurately define both transport
pathways and contaminant fate
(see Appendix A, Section A.3.2).

The work plan should specifjr the assess-
ment of contaminant exposure, using fate
and transport models. Fate concerns the
ultimate chemical disposition of a con-
taminant (e.g., remaining stable, undergo-
ing photodegradation, or combining with
another substance). Transport (or mi-
gration) refers to the movement of a
contaminant from one medium to another,
from one location to another within the
same medium, or into biota (EPA 1992b).

Step 3 Actual or potential exposure locations on- and off-site should be identified once the
transport media are defined.

step 4 Inhalation, ingestion, and dermal contact are exposure routes to be evaluat<?l  for
contaminants at the CERCLA waste site. Suter (1993) provides examples of
exposure routes and a discussion of toxicokinetic models to arrive at the internal
doses t,o organisms exposed to a contaminant. Contaminant uptake can be
predominantly from exposure along a single pathway or along multiple pathways.
For example, in the latter situation, kit foxes at a semiarid oil field site can be
exposed to contaminants by dermal exposure to drilling muds, soil ingestion,
ingestion of contaminated prey, ingestion of drilling brines, and inhalation (Suter
1993). Multiple-route exposures to hazardous substances are shown in the diagram
of the conceptual model (see Module 6). The most complex exposure routes occur
in animals that utilize both terrestrial and aquatic habitats, particularly when soil,
water. and sediments are all contaminated.

Step 5 A thorough literature review will assist the DOE ERPM in defining potential
exposure pathways from the hazardous substance source to the target organism or
population (see Appendix A, Section k3.4). Various databases have been
developed on ecological,effects  of contaminants. The AQUIRE and PHYTOTOX
databases developed by EPA cover effects to aquatic biota and terrestrial plants,
respectively. Oak Ridge National Laboratory prepared an ecotoxicological database.
The National Park Service has compiled a large contaminants encyclopedia
database. Many publications within the past lo-15 years have reported biological
effects from exposure to environmental contaminants. Although it is not the intent
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of this document to review the literature on contaminant effects, the following
guidance is provided as a starting point. While many scientific journals typically
have included articles on environmental effects from exposure to contaminants, two
notable examples are the Bulletin of Environmental Contamination and Toxicology
and Environmental Toxicology and Chemistry. Also, project ecologists should
become familiar with the contaminant hazard review series on wildlife prepared by
the FWS. As of June 1992,24 reports in the series had been published (see Module
10 for examples of recent reports). Also, Peterle (1991) provides a recent overview
of environmental pollutants affecting wildlife. Newman and McIntosh (1991)
describe conceptual bases for understanding the fate of various metals in the
environment, with an emphasis on toxic ecological effects.

Step 6 Descriptions of potential exposure pathways will assist the DOE ERPM in further
defining field sample collections and laboratory toxicity tests. The ecological work
plan should include a description of the potential contaminant migration and
exposure pathways within the ecosystems likely to be affected. This information
should be incorporated into the conceptual site model. Suter (1993) addresses
potential contaminant pathways within ecosystems, and Maughan (1993) suggests
a process called “transfer pathway analysis” for determining species affected at
waste sites. This process is iterative, consisting of increasing the level of detailed
analyses as one proceeds with the analysis. Major steps in the transfer pathway
analysis include (1) site inspection and reconnaissance, (2) species groupings by
guilds, (3) identification of potential intake pathways, (4) selection of important
receptor species, and (5) further refinement of contaminant transfer through
intensive laboratory or field testing of a limited number of receptor species. Results
are then incorporated into overall remediation alternatives evaluations.
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CHAPTER 4: WORK PLAN RATIONALE

Data needed to fully understand existing ecological resources should be defined and
included in the rationale section of the ecological work plan. The rationale section should
also explain and justify the approach to be taken in collecting ecological data. The following
aspects of the approach should be included when applicable:

l Reference areas - Reference areas are generally uncontaminated and
serve as a basis for comparison with the contaminated ecological habitat
at the CERCLA site. Reference areas could be useful for certain streams
or rivers and for terrestrial ecosystems where the contaminants are
“point sources” in their spatial distribution. Reference areas can provide
information on species composition and variation that is useful in setting
revegetation and other reclamation goals for remediated sites.

l Ecological field surveys - Surveys of biotic communities will be used
to characterize the biota and habitats both on- and off-site. Surveys of
reference areas and contaminated areas should be conducted with the
same techniques and at the same level of detail to ensure valid
comparisons of data.

l Surrogate species for laboratory tests - Use of surrogate species
tests is important when the receptor species have not been studied
relative to the contaminants being evaluated or when species are
precluded from study due to regulatory protection (e.g., bald eagle>. Use
of taxonomically similar species for laboratory tests will provide useful
information on the potential for bioaccumulation and/or chronic and
lethal effects to individual organisms on site.

l In situ testing - Tests of an organism’s responses to contaminants can
be conducted with techniques such as exposing a receptor species in
confined areas affected by contaminants (e.g., caged areas downstream
of a point source in a stream), monitoring animal habitat use in the
immediate vicinity of the contaminants, or conducting vegetation trials
on contaminated soils of varying concentration. In-situ testing has
disadvantages relative to controlling environmental variables but is
advantageous in the sense that test organisms are exposed to
contaminants in a more natural or “typical” environment.

l Toxicity tests - Toxicity tests are generally conducted in the
laboratory and are used to determine adverse effects on individual
organisms in terms of exposure to varying concentrations of a single or
multiple contaminants under controlled conditions.
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Module 9 describes steps to be followed in determining detailed ecological data
needed for the site and adjacent areas affected by hazardous substance releases. While state
and federally protected species are of concern in defining data needs and defining  receptor
species, other important species should be given equal consideration in planning the field
sampling activities. An ecological risk assessment would be warranted, for example, if
dominant or common species representing the base of the food web were adversely affected
by hazardous substances being released.

To avoid possible duplication of effort in ecological field sampling, development of the
ecological work plan should consider data also being collected in standardized task 3, Field
Investigations of the RUFS Work Plan. Studies may be defined in this task that are designed
to provide a preliminary understanding of site-specific fate and transport mechanisms. The
results of these studies may then be used to more accurately characterize site contamination.

Ecological work plans are usually separate documents from the RIB’S  Work Plan.
Where numerous ecological concerns occur, particularly at a complex site, the ecological work
plan should be a “stand-alone” document.
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MODULE 9:

DATA NEEDS FOR ECOLOGICAL RISK ASSESSMENT
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MODULE 9: DATA NEEDS FOR ECOLOGICAL RISK ASSESSMENT

Step 1 Start.

Step 2, 2a An inventory of site ecological data should be compiled. This information will
allow a determination of data adequacy (e.g., species studies and abundance
of data by season or year) before proceeding with subsequent assessment
tasks. Plant communities should be defined on a site map relative to known
locations of hazardous substances. Qualitative and quantitative descriptions
should be prepared. Typical information needed to characterize communities
on-site and in the site vicinity include species lists by community type,
percent cover, diversity indices (where appropriate), production data on
important species, and population dynamics of various wildlife species (see
Appendix A, Sections A.4.1.1 and k4.1.3).

Step 3, 3a Known locations of hazardous substances should be identified with respect to
important biota and habitat types. If inadequate data exist, additional
studies may be warranted to determine hazard distribution (Appendix A,
Sections k1.2 and k1.3).

Step 4 If the site is devoid of vegetation, which is typical of an industrialized site,
and provides essentially no habitat for wildlife where the hazardous
substance occurs or to where it could migrate without remediation in the
future, a detailed ecological risk assessment may be unnecessary. A 5nal
decision on the need for a detailed ecological risk assessment should 110~  be

made until scoping has been completed and interactions have occurred
between DOE and agencies with legal responsibility for ecological resources.
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Step 5a, Sb Qualitative and quantitative I
descriptions should be prepared
and spatial distribution data
collected for sensitive/unique
plant communities or habitats
on the site (see Appendix A,
Section k1.3) and in adjacent
communities likely to be adver-
sely affected by the hazardous
substances in question. The
appropriate state environ-
mental or natural resource
agency (e.g., Department of
Conservation) can provide

Sensitive environments require
special attention at a particular
site. These environments include
(1) those associated with federal or
state laws (e.g., wetland, critical habi-
tats for listed species); (2) unique or
unusual habitats (e.g., prairie rem-
nants, springs); (3) those necessary for
continued propagation of a key species
(e.g., essential food, nesting, spawning
or rearing sites) (EPA 1989c).

information on state-listed threatened and endangered species. Sensitive
plant communities are often afforded protection by states. The occurrence or
characterization of valuable communities or habitats may be difficult to
determine on the basis of available information.

In determining ecological data needs for the RI/F& the DOE ERPM and
project ecologist should use, as guidance, a listing of sensitive environments
defined by the EPA (see Appendix D). The presence of these sensitive
environments along the migration pathways from the contaminated site was
used as a criterion in evaluating the site originally for inclusion on the EPA’s
NPL.

Making a professional judgment that an existing plant community or habitat
type is valuable may be a controversial point between ecologists and
engineers or planners faced with decisions on developing remediation
alternatives. Habitat importance will be site-specific and will depend upon
such factors as (1) the species native to an area and their significance, (2) the
availability and quality of substitute habitats, (3) surrounding land use and
management, and (4) the value (e.g., economic, recreational or aesthetic)
placed on such habitats by local residents or special interest groups (EPA
1989c).
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Step 6 The FWS and appropriate state environmental or natural resource agencies
can provide preliminary information on federally listed threatened and
endangered species and/or designated critical habitats of the site area.

Step 7 If federally protected species are present, the ERPM should determine what
data would be required to conduct an ecological risk assessment and1
incorporate such needs into the ecological work plan. The Endangered
Species Act of 1973, as amended, requires a federal agency to prepare a.
document called a biological assessment if the Secretary of Interior
determines that federally protected species are believed to occur in the area
potentially affected by the CERCLA site. A biological assessment would be
prepared as part of the ecological data analysis for comparison of remedial
action alternatives (see Module 16). The biological assessment would
examine effects to federally protected species not only for each remedial
action alternative, but also for the no-action alternative. All alternatives will
be addressed in the FS. The biological assessment will be submitted to EPA
along with the project FS reports.

The following discussion covers ecological data needs for federally protected
species and gives an overview of FWS and DOE responsibilities in evaluating
impacts. The discussion is included here rather than in Module 16 to inform
the ERPM, project ecologists, and other users of the typical data needs and
review process to be expected.

The Endangered Species Act requires the preparation of a biological
assessment if federally endangered or threatened species inhabit or visit the
CERCLA site or are located in areas adjacent to the site likely to be impacted
by hazardous substances released at the site. Candidate species (C2
designation) for federal listing should also be evaluated for inclusion in the
biological assessment. Data needs should be identified and factored in the
field sampling plans and laboratory testing procedures (see Modules 12 and
13). The project ecologists may need to provide additional information based
on FWS review comments. If a species is rare, but not legally designated as
either threatened or endangered, the ERPM will need to consult with local
ecologists or other experts (e.g., appropriate BTAG members) to determine the
importance of the species (EPA 1989c). The draft biological assessment must
be submitted to the appropriate regional office of the FWS for review. The
ERPM should ensure that ecological data collection and the literature
database for federally listed species is adequate to support the biological
assessment. The biological assessments can be submitted to the FWS for
separate review or included with the RIZFS  reports.

If the FWS decides that formal consultation is needed under Section 7 of the
Endangered Species Act, DOE may then be requested to revise the biological
assessment and submit it as a formal report. After review of the draft
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biological assessment, the FWS determines whether formal consultation is
necessary.

The FWS will prepare a biological opinion for the project based on
consideration of the no-action case and various remediation alternatives
under consideration. The biological opinion will conclude that the project will
or will not lead to further decline of the species (i.e., a jeopardy or
nonjeopardy opinion). The biological opinion considers both direct project
effects on the species (i.e., death or detrimental health impacts to individual
organisms) and habitat effects.
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MODULE 10:
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MODULE 10: WORK PLAN APPROACH

Step 1 Start.

step 2 Potential ecological impacts can be determined from the initial evaluation of the
hazardous substance, its chemical state, and spatial distribution (Chapter 3 and
Module 6). In the event that potential impacts are unknown, then consideration
should be given to detailed laboratory testing.

Step 3 Potential ecological impacts may not
be readily determined at the time
the ecological work plan is developed
because of an incomplete under-
standing of the hazardous sub-
stances present, their state, or
spatial distribution with regard to
target species or sensitive biotic
communities.

Step 4 A reevaluation of tasks intended to
more fully characterize the chemical
contaminants may be necessary at
the time the ecological work plan is
prepared. The ecological field data
needs can then be more accurately
defined (see Modules 8 and 9).

Step 5 If potential ecological impacts are
well known based on previous

Data gaps are any significant
uncertainties in the interconnections
between the contaminant sources and
releases, fate and transport, current
nature (i.e., chemical state) and
extent, and driving forces and path-
ways to ecological receptors. Data
gaps will generally be revealed as
uncertainties in the conceptual site
model. The significance of each data
gap will require evaluation as to
whether the uncertainty is acceptable
and manageable or whether additional
data must be collected. Examples of
data gaps include groundwater flow
direction, location of waste units, and
species composition of effected habi-
tats.

research, the ecologist must determine whether a phased approach to the
ecological risk assessment process is warranted. Unless the hazardous waste is
well characterized or the site is contaminated by a single chemical element or only
one compound, a phased approach to ecological risk assessment is usually
necessary. The phased approach avoids the cost and time required for a
comprehensive analysis of all ecosystem components when information is needed
only on a few target species (see Appendix A, Section A.4). The final  phase of
the ecological assessment process defmed in the work plan involves determining
ecological risk combined with probabilistic modeling to evaluate uncertainty.

Step 6 The ecological work plan should contain a section describing the approach planned
for the site in question (see Appendix A, Section k3). Detailed descriptions of
sampling tasks and data evaluation procedures should be included in the ecological
field sampling plan (see Appendix B). The work plan approach is the driver for
defining the ecological field sampling plan tasks (see Module 13).
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Step 7 Extrapolations can be made from
scientific studies in defining the
approach to be taken in the eco-

Literature reviews can provide

logical risk assessment process. One
specific dose-response information

important information source on
for the species studied Dose- -
response information is useful in risk

known effects of environmental con-
taminants on fish and wildlife is a
publication series prepared by the
FWS. The EPA and DOE-HQ are
currently developing ecotoxicology
databases. The FWS has published
several literature reviews on the
effects of exposure of fish and
wildlife to hazardous chemical
elements and compounds (Eisler
1986, 1988a,b;  Obenkirchen and

characterization or as the basis for
further ecological effects studies. By
comparing measured concentrations of
contaminants in site media to litera-
ture values for adverse effects, investi-
gators can decide whether there is a
need to proceed with site-specific
investigations (e.g.,  field studies or
toxicity tests) (EPA 1991b).

Eisler 1988). A complete listing of review publications in the contaminant hazard
review series can be obtained by contacting the Section of Information
Management, U.S. Fish and Wildlife Service, Patuxent Wildlife Research Center,
Laurel, Maryland, 20708.

Step 8 If little is known about the ecological impacts of exposure to the chemical
contaminants in question, laboratory testing of representative or surrogate species
should be used to determine the types and sequence of additional field sampling
and laboratory toxicity testing. Field data collection and laboratory analyses may
require a sequential approach to narrow the number of species for detailed
analyses (see Appendix A, Section k3 and Figure A.2). Laboratory testing of
species may be necessary to determine which contaminants at the site are causing
the most serious impacts. Tissue analyses can be used to determine potential
effects on a number of important animal species present on the site or site vicinity
before detailed exposure studies are undertaken on a select set of target species
(see Appendix A, Section A.4.1.4). Data correlating body burdens with adverse
effects are limited, however, for most wildlife species.

Step 9 The ecological work plan should contain a section describing the approach planned
for the site in question (see Appendix A, Section A.3). Detailed descriptions of
sampling tasks and data evaluation procedures should be included in the ecological
field sampling plan bee Appendix B).
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CHAPTER 5: RIIFS TASKS

The preliminary RI/l% work plan is prepared during the project planning phase,
before remedial investigation activities are initiated. The ecological work plan should be
prepared in parallel with the RIB’S plan and is a component of the overall RL’FS plan.
Project ecologists must provide input to both plans. The EPA (1988a) provides guidance on
the content and format of RVFS  work plans. Fourteen standard tasks are required for
preparation of the RI/l% work plans.

The ecological work plan
includes an ecological field sampling
plan and a quality assurance project
plan. In addition to task descriptions
for planned field studies, the field
sampling plan also includes task
descriptions for laboratory toxicity

Ecological Data Objectives

Defining the ecological data objectives is often
an interactive or phased process. These
objectives must be consistent with the
14 overall RUFS tasks (Table 5.1).

testing and whole body or tissue
analyses for fate and transport
studies.

Preliminary ecological work plan tasks are implemented based on certain
assumptions of contaminant locations, concentrations, potential exposure pathways, and
receptor species. As preliminary data are obtained, sampling locations and strategies may
change to more fully characterize the site and evaluate the current effects of chemical
contaminants on biotic communities. To avoid redundancy, the ecological sampling and
toxicity tasks should not be repetitive of site-specific fate and transport studies conducted in
other RUFS tasks undertaken to fully characterize the contamination.

Data evaluation needs should be defined when field sampling and laboratory tests
are being planned. Two EPA publications (EPA 1987, 198913) provide guidance of field
sampling methods suitable for
contaminated waste/hazardous sub-
stances sites. The ecological work plan The ecological field sampling ptan must

also should define data evaluation include tasks to (1) characterize biotic com-

methods and the approach in estab-
munities of the site and reference areas when

lishing assessment and measurement
applicable, (2) evaluate current ecological con-

endpoints. When possible (i.e., when
tamination, (3) evaluate the ecological effects
during implementation of various remediation

the site ecosystems are well charac- options under consideration [NCP,
terized at the project outset), P a r t  300.430(e)(a)(E)],  and (4) a l l o w
measurement and assessment end- comparisons of the postremediation ecosystems
points should be included in the initial and project objectives for the intended land

ecological work plan. use.
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TABLE 5.1 Standard Tasks Required for the
Preparation  of an RUE3 Work Plan

Task
Number Task Description

1 Project planning (project scoping)
2 Community relations
3 Field investigation
4 Sample analysis/validation
5 Data evaluation
6 Assessment of risk
7 Treatability study/pilot testing
8 Remedial investigation reports
9 Remedial alternatives
10 Detailed analysis of remedial alternatives
11 Feasibility study reports
12 Post FwFs support
13 Enforcement support
14 Miscellaneous support

Source: EPA (1988a)
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DETERMINATION OF ASSESSMENT AND
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A
C o n t a m i n a n t s  1

L

Measurement

Develop Correlations
between Endpoints as

Statistical/Mathematical

see Module 6

Define and Incorporate
Assessment and

Bouckr et al. 1991:

4A
Set Measurement

Endpoint at
Protective

Level

Measurement Endpoints into
Field Sampling Plan and

Baseline Risk Assessment
(see Modules 13 and 15)





Step 4,4+41

TWO

be
types of endpoints should
established in project

planning: assessment end
points and measurement
endpoints. The examples
presented in the measurement
and assessment endpoint text
boxes are commonly utilized
endpoints but should not be
considered as all-inclusive.
Some measurement and
assessment endpoints are
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Assessment endpoints are formal
expressions of the actual environmental
values to be protected. Examples include
(1) population - extinction, abundance,
yield/production, age&&e  class structure,
and significant mortality; (2) community
- market/sport  value, recreational
quality, and change to less useful/desired
type; and (3) ecosystem - productive
capability (EPA 1989b).

Y
synonymous (e.g., population
endpoint parameters). (Appendix A, Table A-2.)

3 It may be possible to determine correlations between assessment and
measurement endpoints with a mathematical model. For example, the decline
in abundance in fish species reproductive rates in laboratory exposures to
various contaminants can be compared to reproduction rate effects in zones
of varying contaminant concentration in controlled field conditions.
Comparisons may then be useful in determining risk-based cleanup criteria

Measurement endpoints are quantita-
tive expressions of an observed or

~nllwd effect of a hazard and must

for soils, water, or sediments.
As another example, the
effects of various con-
taminant concentrations on
reproductive potential and
tissue concentrations in
small mammals can be com-
pared in laboratory ingestion
studies to similar endpoints
measured for small mam-
mals collected at the
CERCLA site and associated
reference areas (EPA 198913).
These data, together with
population density data,
could be expressed in a
mathematical model that
correlates the two types of
endpoints. Correlations
between assessment and
measurement endpoints and
their use in setting cleanup
criteria should be evaluated
in consultation with the DOE

mei^,-,,  .
corresnond  to or uredict assessment end----r----

points. They m&t be readily measured
ad apI:lropriate  for the exposure path-
wavs. tc!, -, _-mporal  dynamics of contaminant
e*y:bosure,  and scale for the site being
evaluated.

-
Exa:mples of measurement

endpqints  at different  hierarchical levels
are (1) individual - death, growth,
behavior, and tissue concentrations;
(2) population --occurrence, abundance,
age/size class structure, yield/prodv 1‘ i -: ‘?2.,
and reproductiv e  levels:-  (3) com-
munity - number of species present,
species diversity, pollution indices, and
comxnunitv type; and (4 ecosystem -
biomass, * productivity, and nutrient
dynamics. Good assessment endpoints
should be readily measured, biologically
important, and of value to society (EPA
1989b).
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ERPM for developing overall remediation objectives and evaluating
remediation alternatives. In cases where such correlations cannot be made,
a level should be established that affords adequate protection to the most
sensitive species or community types exposed to the contaminants of concern.
The development of such “risk-based” levels are beyond the scope of this
guidance document.

step 5 Attention to clear definition of assessment and measurement endpoints should
be a subject for discussion among experts when designing the field sampling
plan. The BTAG can provide useful information on selection of species and
measurement endpoints from their experience with other hazardous waste
sites. The ecological work plan described in Appendix A includes information
on the process of setting endpoints at a Superfund site (see Appendix A,
Table A.2, Section A.3.1).
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I E P A  1989c
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1--------------
I Proceed to Module 13, I
I “Ecological Field Sampling I

I PIan”. I
I--_-__-_--__--I



II-81

MODULE 12: ECOLOGICAL DATA EVALUATION NEEDS

Step 1 Start.

Step 2 The site may not be conducive
to field sampling for the
following reasons: (1) the con-
taminated areas may be small
and thus would not support
populations large enough for
statistically valid sampling,
(2) the site may not be
accessible because of human
health and safety concerns,
and (3) target species may be
protected by law (e.g., bald
eagles, state-listed endangered

Statisti&  Considerations

It is necessary to know the types of data
analyses anticipated for evaluating site
ecological descriptive information and
laboratory test results before the outset
of data collection. Some important
issues related to data evaluation are
(1) the use of statistical versus non-
statistical tests, (2) the appropriateness
of using hypothesis testing, (3) the
applicability of using random sampling
techniques, and (4) the sample size.

plant species). Preliminary
data obtained from site visits
and results of previous studies (such as at other operable units on the site or
publications from other similar sites) will serve to guide the DOE ERPM and
project ecologists in determining relevant ecological data to be collected. A
determination should be made on the appropriateness of concentrating mainly
on the sampling of target species and populations in the field or also using
surrogate species in bioassay tests under laboratory conditions (EPA 1989c).
Use of surrogate species is often warranted when information is needed on
potential for bioaccumulation of a contaminant or the target species is state
or federally protected. Also, when a literature search indicates essentially no
data on toxicity for target species being evaluated, laboratory toxicity
measurements may be necessary on taxonomically similar species. Early in
the planning process, ecologists should identify species or populations
warranting collection of qualitative versus quantitative data. Familiarity with
the species being sampled will guide ecologists in selecting appropriate
statistical tools to demonstrate any effects from contaminant exposure.
Natural variability in the parameters being measured must be acknowledged
when attempting to show a cause-effect relationship between exposure dose
and response. Specific parameters for study should be defined on the basis of
assessment and measurement endpoints identified during site
characterization, preliminary evaluation of field samples, and/or laboratory
testing of sensitive or surrogate species. Ecological input from federal and
state agencies, public interest groups, and interested individuals can provide
valuable information on the societal value and biological importance of target
species or communities.
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Step 2a., 2b Laboratory and in situ bioassay tests using surrogate species may be necessary
for CERCLA sites where time and cost constraints preclude conducting
extensive field sampling on all possible receptor species. Generally, the
scientific literature is adequate for determining the types of data analyses best
suited for surrogate species subjected to hazardous wastes in the laboratory
or controlled field conditions. Examples of commonly used surrogate species
include earthworms, fathead minnows, lettuce, Daphnia, and Hyallela. The
BTAGs can provide input on the selection of appropriate surrogate species and
bioassay tests (see Appendix A, Section k4.1.4).

Step 3, 3a In some cases, reference areas can be used in the ecological assessment folr
comparison with the contaminated waste site (Suter 1993). When a reference
area is being selected, consideration should be given to a site with similar
physical properties such as soil type, slope, aspect, and moisture conditions fox-
a terrestrial ecosystem and parameters such as flow rates, substrate type,
water depth, temperature, and chemistry for an aquatic ecosystem (see
Appendix A, Section k4.1.2).

Step 4 The ecological work plan should discuss the methods of evaluating data
obtained during field sampling and laboratory testing. Several references
provide guidance on ecological data evaluation methods and toxicity testing
methodologies appropriate for hazardous waste sites: Cochran (1977); EPA
(1989b, 1991c); Gilbert (1987); Green (1979). A rationale for selecting specific
statistical tests should be included in the plan (see Appendix B,
Section B.7).
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MODULE 13: ECOLOGICAL FIELD SAMPLING PUN

Step 1 Start.

Step 2 The planning stage of the ecological
assessment process culminates in
the preparation of the sampling and
analysis plan (SAP), which consists
of the quality assurance project plan
(see Module 14) and the field
sampling plan (EPA 1989c). EPA
guidance on CERCLA RIs and FSs
should be reviewed before the
ecological component of a field
sampling plan is developed. A
strong knowledge of the Rl/FS work
plan will provide ecologists with a

The field sampling plan pro-
vides guidance on all field work by
detailing all of the sampling and
data collection methods necessary
to conduct the ecological assess-
ment. The field sampling plan is
to be prepared before field work
be,gins, but can be amended or
revised during the field investi-
gation process.

good understanding of how ecological tasks described in the ecological work plan
fit with tasks in other technical areas and will also help minimize the collection
of duplicative data.

The RI/l% work plan outline is adapted to incorporate the unique conditions of
the site being evaluated. The EPA allows for flexibility in the field sampling
plan format and content. (An annotated table of contents for an ecological field
sampling plan is provided in Appendix B.)

Step 3, 3a Meetings with the BTAG and others familiar with ecological resources of the
area will expedite the review process necessary to establish the scope and
content of the field sampling plan.

Step 4 The ecological field sampling plan should include the six major components
depicted in Step 4 of the module diagram. Selection of equipment and sampling
procedures will require input from various groups, such as state and federal
agency ecologists and university researchers familiar with the ecological
resources being evaluated. This interaction will ensure that state-of-the-art
procedures are used for sample collection and subsequent analyses of samples.
The number, size, and location of samples needed to meet sampling objectives
are often controversial points between ecologists and project engineers. The
DOE ERPM should contact the BTAG to obtain guidance on resolving such
controversies. Ultimately, the DOE ERPM must make the final decision on
sampling methodology questions. Inadequate sample size may invalidate any
data collected, possibly resulting in additional sampling at a greater cost.
Caution is warranted in preparing the field sampling plan to ensure that
ecological data collected will also support the human health risk assessment.
This approach will save both money and time in the overall RI/FS investigation
of the CERCLA site.
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Ecologists should interact with the BTAG in developing the field sampling plans
to ensure that adequate data are collected for subsequent ecological risk
assessment determinations (EPA 1988a, 1989d).

The ecological field sampling plan should be summarized in the body of the
ecological work plan and included in its entirety as an appendix to the work
plan.
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MODULE 14: ECOLOGICAL INPUT TO QUALITY
ASSURANCE PROJECT PLAN

Step 1 Start.

Step 2,2a Guidance on contents of a quality
assurance project plan (QAPP) has Laboratory toxicity tests must
been prepared by the EPA (1987, consider &A/&C procedures for
1988a). Formal quality assurance (1) sampling and handling hazard-
and quality control (QNQC) pro- ous wastes; (2) sources and
cedures exist for some aspects of an culturing of test organisms;

ecological assessment (e.g., toxicity (3) instrument calibration and

testing for aquatic species) but are testing; (4) use of reference toxi-

less well defined for sampling of
cants, adequate controls, and

vegetation and terrestrial vertebrate
exposure replications; (5) record
keeping; and (6) data evaluation.

groups. Some preliminary field
measurements are often helpful in
defining an adequate sample for
statistical analyses. The BTAG members can provide input on good QA/QC
procedures based on professional experience with other CERCLA sites. Also,
the BTAG coordinator from the EPA should be able to provide examples of
approved QAPPs for previous projects. (A list of the EPA Regional BTAG
coordinators is provided in Appendix E.)

An overview of EPA QA/QC require-
ments for a Super-fund site is
contained in Chapter 5 of the Risk
Assessment Guidance for Superfund
Volume II Environmental Evalua-
tion Manual (RAGS II) (EPA 1989c).
(An annotated table of contents for
an ecological QAPP is provided in
Appendix C.)

QAPP Elements

Elements of a QAPP typically
include: (1) introduction (purpose
and scope of QAPP), (2) project
description, (3) QA/QC responsi-
bility delineation, (4) QA/QC data
quality objectives, (5) sample col-
lection and custody, (6) sample
analysis, (7) system controls,
(8) preventive maintenance,
(9) record keeping, (10) audits,
(11) corrective actions, and
(12) quality control reports.

Step 3,3a,3b  A distinction between ecological data
to be collected in the field versus
laboratory data from toxicity testing
should be made early in developing
the ecological field sampling plan.
Samples may be needed to document
occurrence of the species in the area.
define  (1) range of variation in test result values and (2) QA/QC  process
relative to the number and types of tests or analyses conducted. Standard
museum data records and preservation techniques best suited for the species
collected should be consistently applied for the various biotic communities

Preliminary laboratory testing will help
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sampled. Laboratory testing and chemical analyses will require QA/QC!
considerations of labeling, chain-of-custody record keeping, and spot checking
of analyses.

Step 4 Surrogate species, rather than organisms collected from the site, may be used
for laboratory testing. Appropriate procedures should be defined to ensure the
quality control of data collected.

Step 5 A QAPP should include procedures to be followed in the collection of
ecological, physiological, and behavioral data. Organism tests and tissue
analyses in the laboratory should be clearly defined to ensure that statistically
valid tests are being conducted. The following text from RAGS II provides
guidance on the function and specific requirements for measurement
variables:

The QAPP serves two important functions. First, it
seeks to ensure that as much as possible is done at the
beginning of a study to achieve the QA objectives for the
data. Second, it allows for analysis of the study to
determine what improvements can be made if QA objec-
tives are not met. The plan cannot guarantee results,
but it requires the analyst to justify a particular
approach before proceeding.

For each major measurement variable, the QAPP must
state specific data quality objectives. This is usually
accomplished by preparing a table listing the variable,
the sampling method, the measurement method, the
experimental conditions, the target precision (measured
in relative standard deviation), the target accuracy
(measured in acceptable relative deviation from the true
value), and completeness (measured in terms of percent
coverage).

A key aspect to obtaining ecological data suitable for statistical analysis
involves a clear definition of target precision and target accuracy. Gilbert
(1987) provides valuable background information on these concepts, with
examples from case studies of contaminated sites. Statistical tests must be
clearly defined before data are collected and must be included in the QAPP for
each ecological data set. This procedure will avoid the collection of extraneous
information and assure that adequate samples are taken for the statistical
tests. The QAPP should be prepared following EPA guidance for content and
format (EPA 1988a).  It is not necessary to include a site description in the
QAPP if the description is contained in the ecological field sampling plan.
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CHAPTER 6: ALTERNATIVES EVALUATION

The RI/I% work plan will include specific tasks related to collection and analysis -of
ecological data. The NCP 140 CFR 300.430(d)] requires that ecological data be collected
during the site characterization process and used in conducting a baseline risk assessment.
This assessment is the no-action alternative. In some ‘cases, however, the baseline risk
assessment must be revised to reflect current interim cleanup actions. An example of a site
with changing baseline conditions is the DOE Weldon  Spring, Missouri, site where
remediation will occur in phases, requiring a revision to the baseline assessment relative to
health effects and groundwater (DOE 1992).

The ecological work plan should
contain a section that addresses ecological
information required to evaluate the no-
action alternative either as a single
assessment or a series of assessments as
the baseline changes. Results of the
ecological risk assessment can also be used
to conduct a detailed evaluation of remedia-
tion alternatives during the FS. Nine
criteria used in the FS for alternatives
comparison are described in the NCP
[40 CFR 300.430 (e>(9>iiil  and subsequent
EPA guidance (see Chapter 6 of EPA
1988a). Five of these criteria are included
in Module 16 as the most relevant to
ecological resources.

The first criterion - overall pro-
tection of human health and the environ-
ment - and the criterion of compliance

Nine Evaluation Criteria for
Analysis of Remedial Alternatives

Threshold criteria
-Overall protection of human health

and the environment
-Compliance with ARARs

Balancing Criteria
-Long-term effectiveness and

permanence
-Reduction of toxicity, mobility, or

volume through treatment
-Short-term effectiveness
-1mplementability
-cost

Modifying Criteria
State acceptance
-Community acceptance

with ARARs are referred to as “threshold criteria” and must be met by the selected remedial
alternative. Balancing criteria are considered carefully during the analysis of alternatives.
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MODULE 15:
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MODULE 16: ECOLOGICAL INPUT TO BASELINE RISK ASSESSMENT

Step 1 Start.

Step 2 Guidance for contractors charged with conducting baseline risk assessments should
be examined before detailed planning starts for ecological aspects of the process
(EPA 1988a,b).  The overall ecological work plan (including the ecological field
sampling plan and QAPP),  when implemented, should provide all ecological data
needed to conduct the baseline risk assessment. The baseline risk assessment
identifies the risks associated with taking no further action (i.e., the no-action
alternative in the FS report to the EPA). The baseline risk assessment should
include contaminant characteristics and concentrations, exposure pathways,
assessment results, receptor species and populations, and toxicity assessment
results. Except for contaminant descriptions, all information should be obtained
from existing ecological data or data gathered as described in the ecological field
sampling plan (see Module 13) (see Appendix A, Section A.4.3).

Step 3 The conclusions regarding potential
ecological risk should include sup-
porting evidence in the form of
statistically valid results of field and
laboratory tests obtained through
implementing procedures delineated in
the overall ecological work plan,
Uncertainties, variance estimates, and
assumptions should be included in the
analyses of baseline risk assessment
data. Both Maughan (1993) and Suter
(1993) cover the information needs and
methods to characterize and report the
ecological risk of the baseline condition
at a CERCLA site.

Ecological input to the baseline
assessment should include a sum-
mary of the following risk-related
data: ( 1) environment al con-
taminant concentrations, (2) contami-
nant concentrations in biota,
(3) toxicity test results, (4) literature
values of toxicity, (5) field surveys of
receptor  populat ions , and
(6) measures of community structure
and ecosystem function (EPA 1989c).

Step 4 The RI report should define the ecological impacts that currently exist and that
would be expected in the future if no remedial actions take place (NCP 300.430d).
The goal of ecological input to the baseline risk assessment is to use toxicological
and ecological information to estimate the likelihood that an undesired ecological
event would occur if no remediation were undertaken.
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MODULE 16:
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